I hereby certify that this paper or fee is being deposited with the United States Postal Service with sufficient 
postage as First Class Mail on the date indicated below and is addressed to: 

Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 



Jeffrey Pearce ^^ffi"^ f^DuCX^o 21 March 2005 

(Person mailing paper or fee) (Signatilire) s O (Date) 




PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant(s): Thomas DOVHEIM Group Art Unit: 2836 

Serial No.: 10/756,442 Examiner: Unknown 

Filed: 01/12/2004 

Title: Solenoid Control Using Voltage Control Of Freewheel Current Decay 



Attorney ref: Mecel4 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



SUBMISSION OF PRIORITY DOCUMENTS 

Sir: 

In addition to the U.S. Provisional Patent Application No. 60/304,872, filed 
12 July 2001 , this application claims priority of Swedish Patent Application No. 
0104409-8, filed 21 December 2001, and International Patent Application No. 
PCT/SE02/01 183, 19 June 2002. Certified copies of the Swedish and International 
patent applications are enclosed. 



Date: 21 March 2005 



34825 Sultan-Startup Rd. 

Sultan, WA 98294 

Phone & fax: (360) 793-6687 



Respectfully submitted, 



Jeffrey Pearce 
Reg. No. 34,729 
Attorney for the Applicant(s) 



PRV 



Latent- och registreringsverket 
Patentavdelningen 

Intyg 

Certificate 

q | ^ Harmed intygas att bifogade kopior overensstammer med de 

^> handlingar som ursprungligen ingivits till Patent- och 

£ » m « » ~ - ^ ■ \ registreringsverket i nedannamnda ansokan 



2 & m m ^ 



Jiiis is to certify that the annexed is a true copy of 
v ; the documents as originally filed with the Patent- and 
^> Registration Office in connection with the following 



^ patent application. 



(71) Sokande Mecel AB, Amal SE 

Applicant (s) 



(21 ) Patentansokningsnummer 0104409-8 
Patent application number 



(86) Ingivningsdatum 2001-12-21 
Date of filing 



Stockholm, 2004-02-10 



For Patent- och registreringsverket 
For the Patent- and Registration Office 

Hjordis Segerlund 
Avgift 

Fee 170:- 



CERTIFIED COPY O 

PRIORITY OOCUME 



PATENT- OCH Postadress/Adress Telefon/Phone Telex Telefax 

RFfilSTRFRINfi<5VFRKFT Box 5055 +46 8 782 25 00 17978 +46 8 666 02 86 

SWEDEN S " 102 42 STOCKHOLM Vx 08 782 25 00 PATOREG S 08-666 02 86 



ia Fax f«»:*46 563 23696 HYMELL MTE.TTJANST «4->ft4 21/12/81 15:13 Sid: 

+46 563 23696 

: : WkU Patent- octueg.vefket 
2001 -U- 2 1 

Huvudfax*" Kosson 

SOLENOID CONTROL SYSTEM AND METHOD 
FOR VEHICLE FUEL-INJECTION 

BACKGROUND OF THE INVENTION 

In order to minimize the exhaust of particles and nitrous oxide (NOx), as well as 
to achieve the highest possible efficiency In a dlesel engine, the crank angle position at 
which fuel-mjectlon Into a cylinder of a vehicle engine is Initiated Is critical. Because 
such fuel Injection is typically controlled by a solenoid valve, It is not enough to ensure 
that the control signal occurs at the correct position; rather one must also know when 
the valve Itself has reached its fully opened position. One known method for 
determining this involves measuring the current in the driving stage of the solenoid and 
therefrom detecting the change in Inductance that arises when the valve cone is seated. 
This method is usually referred to as BlP-detection, where BIP stands for "Beginning of 
Ihjection Pulse." 

Figure 1 is a diagram of current and voltage as functions of time as used In the 
conventional BIP technique. In principle, the solenoid Is controlled by applying a 
Voltage pulse U until the current in the solenoid winding reaches a predetermined level 
Known as the "pulHn» current which is the current level that must be achieved m the 
circuit In order to be able to move the solenoid armature. 

Thereafter, the control voltage U is pulsed so that the winding current remains 
Approximately at this level until the valve is fully opened. Once the valve is fully open, 
however, a significantly lower current - the so-called "hold" current - Is needed In order 
to keep the valve open. This hold current is also maintained by pulsing the control 
=X : voltage U. The hold current is maintained until It Is once again time to close the valve, 
i Which Is determined by the amount of fuel that Is to be injected. 

Detecting the BIP signal at the same time as the pull-In current is being regulated 
I* very difficult because the BIP signal is typically obscured by the noise that arises 
..:!■ When using such pure current regulation. The application of the puIMn current Is 

therefore usually turned off Immediately before the time when the BIP signal is expected 
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to arise, which can be estimated using known methods. The BIP signal (which appears 
as a "bump" In the current curve) then occurs In the period during which the current 
discharges through a freewheel diode D connected to the solenoid winding. This period 
of current -decay" Is known ae the BIP "window." The minimum width of the BIP 
Window needed for reliable detection of the BIP using standard equipment Is typically 

% ebouteOOue , ' 

"Freewheeling" refers to the remaining current that circulates within the solenoid 
jjlrcutt after the applied voltage has been shut off. If there were no resistive losses In 
this circuit, the freewheeling could theoretically continue forever. Components such as 
a freewheeling diode D and at least one resistive shunt are usually included In the 
solenoid circuitry, however. If has. moreover, also been shown that the time it takes for 
the solenoid current to decrease from the pull-in level to the hold level can vary greatly 
In practice, primarily beceuse of resistances In the network of conductors (such as 
cables) and connectors used I to connect the various components In the circuitry Involved 
jn operating the solenoid. These conductor resistances vary not only from application 
jo application, but even among different valves In the same engine. The time for BIP 
detection may therefore be too short, such that it may become Impossible to detect the 
bccurrence of the BIP with certainty - the BIP pulse may fall outside the BIP window 
and disappear in the noise created by the current regulation. 

The main components of a typical prior art circuit that Implements current-only 
control are shown In Figure 3. The Injection solenoid S (represented In the figures as Its 
inductive winding) Is usually connected to a system power supply V via a resistive shunt 
j*e, In parallel with a freewheel dtodeD. A conventional circuit 100 Is included to 
measure current through the solenoid, the result of which Is applied to a differencing 
component (shown as an operational amplifier 202) in a current-iegulating circuit 200. 
: V: Usually, this circuit 200 will have two inputs, namely, one to set the desired current level 
and another to turn the current on and off completely. The difference between 
: measured current and desired current is then "added" Into the circuit using a power 
: transistor Q1 . The On/Off signal is similarly applied via a corresponding transistor Q2, 
' which acts essentially as a switch. 
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The source of the input signals for current level and current ON/OFF will typlcaHy 
be ^a supervisory processor that calculates desired values and times and generates the 
Input signals In digital form, which are the converted Into analog form using a 
conventtonaldlgltal-to-analog converter. 

The reason that the voltage U to the solenoid circuit is pulsed ON/OFF In the 
prior art. Instead of being controlled over a continuous range Is that the power that 
develops In the control etectronics becomes too high. The problem to be solved is 
therefore how to ensure a sufficiently large BIP window, thereby allowing reliable BIP 
detection, without too much power being developed in the circuitry. One known 
attempted solution to this problem Is to Include additional circuitry that adds voltage 
directly to the free-wheeling circuit. The difficulties and complications associated with 
this solution are well known. 

jBRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 1llustrates the current and voltage sequence used to com 

In a fuel-Injection system according to the prior art 

Figure 2 illustrates the current and voltage sequence used to control the 
solenoid using the invention. 

Figure 3 shows the main components of a circuit for regulating current to control 

ithe solenoid In the prior art. 

Figure 4 shows the main components of a circuit for regulating current to control 

the solenoid according to the Invention. 

DETAILED DESCRIPTION 

Figures 2 and 4 Illustrate the main Idea, and circuit, respectively, of the Invention. 
•:0 Instead of simply pulsing the control voltage U either ON (Umax) or OFF (0) using the 

? current control circuit 200, additional voltage Uw that may lie and vary anywhere 
V s between Umax and 0. inclusive. Is added Into the solenoid circuit at the beginning of and 
maintained during the BIP window by a votfage-control circuit 300. 

As Figure 4 shows, the voltage-control circuit 300 has a structure similar to that 
- of the current control circuit 200. but taps the solenoid circuit directly (at the connection 
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of the freewheeling diode D end the solenoid) as en Input to the differencing component 
302. The Input signals to the control circuit 300 are then the desired voltage level end 
yoltage On/Off, which may also be generated by existing supervisory processing 
circuitry. 

The -window voltage" Uw is shown In Figure 2 as being a constant voltage only 
by way of example. As will become clearer from the description below, the voltage 
control circuit may be used to generate any voltage profile during the BIP window. A 
constant additional voltage Uw, Will, however, usually be sufficient to adjust the duration 
of the BIP window. The regulation of the current In the transition range between pull-In 
9 r>d hold Ib referred to here as "linear" regulation. In this context, linear regulation 
means that the voltage applied by the voltage-regulating circuit 300 according to the 
Invention may take any value between 0 end the maximum supply voltage. This 
contrasts with the conventional ON/OFF (switched) regulation used It the prior art, which 

js Illustrated In Figure 1. 

As Figure 2 shows, applying the window voltage across the solenoid after the 
pull-in current has been shut off allows the circuit to control the rate at which the current 
decreases substantially arbitrarily. Because this added current during the BIP window 
may be controlled smoothly, there is no concern that the BIP pulse Itself will disappear 
In the noise created by the regulation of the current. Furthermore, although the power 
developed In the control electronics may become relatively high during the phese of 
linear regulation. It will be so only briefly, so that the average power developed will still 
below. 

In order to ensure the ability to detect BIP with respect to all external circuits, 
there should be a certain minimum width of the BIP window. Figure 2 lllustratee how 
the invention solves this problem using voltage-controlled linear regulation. One effect 
of the application of the Invention is apparent from Figure 2, namely, the BIP window Is 
lengthened. The voltage level that is applied during the current decay period (the BIP 
window) may also be determined in such a way that the time It takes for the current to 
'decrease from the pull-in level to the hold level remains essentially constant, regardless 
of the resistances within the network of conductor or other factors that might otherwise 
affect It. 
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As Is mentioned above, If there were no resistive losses In the solenoid circuit, 
freewheeling could theoretically continue forever. In order to compensate for the 
voltage drop caused by the free-wheel current, multiplied by the Inherent resistances, 
the Invention thus makes it possible to add volts to the circuit. 

Note that the figures principally show the principle of regulation - In actual 
implementation, both of the control circuits 200, 300 mey share the same power 
transistors and do not necessarily need separate ones. In such case, only a few smell 
and simple components will be needed, which mekes for a compact and Inexpensive 
solution. 

The voltage regulation according to the invention is shown here relative to 
ground. In those cases where the supply voltage varies greatly, however, the 
regulation preferably takes place relative to the supply voltage Instead. 

There are several main advantages of the Invention: It ensures that one, using 
existing equipment, may determine with certainty when the solenoid core is being 
moved; In other words, one can determine exactly when fuel injection begins In a 
Cylinder. This solution according to the invention means that one may in all cases 
achieve a well-defined window wHhIn which to detect the BIP substantially free of 
interference Movement of the solenoid armature may then be detected accurately by 
the "bump" on the current curve, which is easy to detect using known techniques given 
ihe time made available by the invention for detection. This is In turn a prerequisite for 
exactly controlling and regulating a motor in order to minimize exhsust. The Invention 
thus makes It possible to exactly control and regulate the fueMnJectlon time in a simple 
end cost-effective manner, the Invention also makes It possible to allow greater 
resistances within the fteewheel .circuit, which means in turn that one can use cables of 
smaller gauge, which are tess expensive. 
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CLAIMS 

1 Method for solenoid control comprising the following steps: 
5 - providing a freewheel circuit comprising a solenoid (S). connected » a ' 
supply (V) via a resistive shunt (Rs) and a freewheel diod (D) ,n parallel with said 
solenoid (S), and said resistive shunt (Rs), 

- providing a conventional circuit (100) measuring eunent through said solenoid (S). 

- providing a current legulating circuit (200) comprising a differencing component 

10 (202). a power lfai»!stor (Ql) and a switch device (Q2), ^ . ^ 

- supplying a voltage pulse to said freewheel circuit by means of said power supply (V). 
to reach a predetermined eunent level in said solenoid (S), thereafter, 

. supplying pulsed voltage to said freewheel circuit by means of said current regulating 

circuit (200), „r_„ 
1 3 - applying the measured result from said conventional circuit (1 00) to said differencing 

component (202) 

mainuining said supply by means of said current regulating circuit (200) for a certain 
time based upon the result of said measurement 
characterized in the further steps of, 
20 providing a voltage control circuh (300) comprising a second differencing component 
(302) and a structure similar to that of said current control circuit (200), 
connecting the input to said second differencing component (302) to the output from 
said current control circuit (200), 

applying into said freewheel circuit by means of said voltage regulating circuit (300) a 
25 supply voltage of, any value between 0 and a maximum supply voltage, in order to 
control the rate at which the current within said freewheel circuit decreases. 

2 Method according to claim 1, characterized in that an irregularity in the 
decrease of the current in said solenoid (S) is detected during said controlled decrease of 
30 current, border to exactly determine when the solenoid core is being moved. 

3 . Method according to claim 2, c h a r a c t e r i z e d in that solenoid core moves a 
solenoid valve for fuel injection, in vehicle engine. 
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. providing a freewheel circuit comprising a solenoid (S). connected to a system power - 
supply (V) via a resutive shunt (Rs) and a freewheel died <D) in parallel with said 
5 solenoid (S), and said resistive shunt (Rs), _ 

- providing a conventional circuit (100) measuring current through said solenoid (S), 
. providing a current regulating circuit (200) comprising a different component 
(202). a power transistor (Ql) and a switch device (Q2), 

- supplying a vohage pulse to said freewheel circuit by means of said power supply (V). 
to reach a predetermined current level in said solenoid (S), thereafter, 

- supplying pulsed voltage to said freewheel circuit by means of said current regulating 
circuit (200) 

- applying the measured result from said conventional circuit (100) to said differencing 
component (202) 

maintaining said supply by means of said current regulating circuit (200) for a certain 
lime based upon the result of said measurement 
characterized in the further steps of, 

providing a voltage control circuit (300) comprising a second differencing component 
(302) and a structure similar to that of said current control circuit (200), 
connecting the input to said second differencing component (302) to the output from 
said current control circuit (200), 

applying into said freewheel circuit by means of said voltage regulating circuit (300) a 
supply vohago of, airy value between 0 and a maximum supply vohage, in order to 
control the rate at which the current within said freewheel circuit decreases. 
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